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(57) ABSTRACT 

An apparatus and method for the phototherapy of different 
skin conditions, particularly acne vulgaris seborrhea and 
in?ammation. The invention consists of a multiple session 
treatment method by a violet/blue light source With a spec 
tral emission in the range of 400-450 nanometer and pos 
sible additional spectral bands in the green and red part of 
the spectrum and possibly With the topical application of 
oxygen transporting compounds, and/or a methylene blue 
solution. The apparatus includes at least one narroW spectral 
band light source With spectral emittance concentrated in the 
violet/blue spectral band. The apparatus use the radiation to 
reduce the level of eXtra cellular pro in?ammatory cytokines 
related to in?ammation and to signi?cantly reduce the acne 
bacteria population by a photodynamic effect. 
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APPARATUS AND METHOD FOR HIGH ENERGY 
PHOTODYNAMIC THERAPY OF ACNE 

VULGARIS, SEBORRHEA AND OTHER SKIN 
DISORDERS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation in part applica 
tion of US. application Ser. No: 10/007,702, ?led Dec. 10, 
2001, Which is a continuation in part application of US. 
application Ser. No: 09/756130, ?led Jan.9, 2001, Which is 
a continuation in part application of PCT Application No: 
PCT/IL99/00374, ?led Jul. 7, 1999. 

FIELD AND BACKGROUND OF THE 
INVENTION 

[0002] The present invention relates to an apparatus and 
method for the photodynamic treatment of acne vulgaris and 
seborrhea and, more particularly, to a violet/blue light radi 
ating system that illuminates a collimated narroW bandWidth 
beam on the treated skin area. The method relates to the 
combined photodynamic skin treatment including narroW 
band violet/blue light radiation and topical application of 
oxidative and/or keratolytic agents. 

[0003] The present invention also relates to the photo 
therapy of in?ammation and particularly to the phototherapy 
of in?ammation using narroW band high intensity light 
source in the spectral range of 400-450 nm. 

[0004] The enlargement and obstruction of sebaceous 
glands cause acne vulgaris. Due to the accumulation of 
sebum in the glands, bacteria, mainly propionibacterium 
acnes acnes), proliferate in the glands. These bacteria 
cause in?ammation and later the formation of pustular 
lesions and acne cysts, Which heal by scarring. 

[0005] It is knoWn that p. acnes produce porphyrins. It is 
also knoWn that visible light in the violet/blue (405-410 
nanometer range), or less ef?ciently, red (630-670 nanom 
eter range) are able to induce a photodynamic effect in Which 
the porphyrins in the enlarged sebaceous glands react With 
oxygen to form peroxides. These peroxides are short-lived 
toxic compounds that are able to eliminate, or considerably 
diminish, the number of bacteria in the glands. 

[0006] Photodynamic therapy (PDT) is based on the opti 
mal interaction of four elements; light, photosensitiZer, 
oxygen and skin penetration. Prior patents and publications 
related to acne phototherapy dealt only With the ?rst tWo 
elements of PDT, i.e., and light exposure and sebaceous 
gland porphyrins. Studies have shoWn that the photodestruc 
tion of p. acnes is increased exponentially in an oxygen rich 
environment. 

[0007] Various attempts have been made to treat acne With 
light; Mendes et al. (US. Pat. No. 5,549,660) described a 
method for the light therapy of acne using loW intensity red 
light. Their apparatus Was meant to treat acne through it 
effect on macrophages in the skin. Its loW light intensity is 
not suf?cient for an ef?cient photodynamic destruction of p. 
acnes in the deeper layers of the skin. High intensity visible 
light phototherapy for acne Was described by Meffert et al., 
(Dermatol-Monatsschr. 1990; 176(10): 597-603) but they 
used a light source emitting not only visible light but also 
UVA comprising up to 15-20% of the total irradiation dose. 
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Sigurdsson et al (Dermatology 1997; 94:256-260), used 
Philips HPM-10 400W combined With an UVILEX 390 
?lter (Desag. Germany) that ?lters most but not all ultra 
violet A (UVA) harmful rays. The spectrum of their lamp 
peaked at 420 nanometer and had 2 other small peak of 
emission at 405 and 435 nanometer. Their apparatus emitted 
at 402 cm; 0.5J/cm2 of UVA, 20 Jcm2/of violet/blue and 5 
J/cm of green None of the prior art devices aimed at the 
photo treatment of acne free of harmful UV radiation are 
able to essentially eliminate the acne lesions Within a short 
period of four Weeks in the vast majority of patients. All 
photo based treatments necessitates at least 3-4 month of 
treatment procedures resulting in increasing risks of scars. 
LoW poWer photo treatment of in?ammations is practiced 
for over 2 decades. The spectral range used for these 
treatments is in the red (630 nm) or the Infrared range of the 
spectrum. Other lamps or light sources used for the treat 
ment of in?ammations emit blue light but in conjunction 
With ultraviolet light. The use and intensity of these sources 
is limited by the erythemogenic, photoaging and photo 
carcinogenic effects of UV light. 

[0008] High intensity, UV free, violet/blue light sources 
are used for the therapy of Acne, Whereby p. acnes bacteria 
are destroyed through a photodynamic process. (Interna 
tional patent publication PCT number WO 00/02491). 

SUMMARY OF THE INVENTION 

[0009] Basic science research has shoWn in vitro that the 
viability of p. acnes relates inversely to light intensity and to 
oxygen levels to Which the p. acnes are exposed. Sigurdsson 
et al achieved With their apparatus 30% reduction of the total 
severity of acne and particularly 49% reduction of the 
number of pustules. The rate of success can be drastically 
improved by adding and penetrating oxygen to the skin daily 
and/ or immediately before skin exposure to high intensity 
violet/blue light. 

[0010] According to the present invention there is pro 
vided an apparatus and a method for acne phototherapy, 
achieved by the use of a specially designed apparatus having 
a narroW spectral band of violet/blue light emission radiation 
With the radiation characteriZed by a high energy threshold 
level, above pre-determined radiation ?ux. In another 
embodiment said apparatus having at least one additional 
spectral line. In another embodiment the illumination of the 
light source ?ux, In the entire UV spectrum, is less than a 
predetermined UV safety energy threshold level. 

[0011] In another embodiment the illumination ?ux of the 
light source in the UV spectrum is less than 0.1 microWatt/ 
cm2 in the spectral range of 200-400 nm. 

[0012] In another embodiment the treatment With the 
invention apparatus can be combined With a pre-treatment 
application on the treated skin area of an oxygen transport 
ing compound, based on the use of one or more of the 
materials from the group of compounds consisting of per 
?uorocarbons, oxidative substances, keratolytic substances 
and external photosensitiZer, such as Methylene blue 0.1 
5%. 

[0013] The present invention apparatus utiliZes in another 
embodiment the least one spectral band for the treatment of 
in?ammation. This spectral band is a high intensity, UV free, 
narroWband violet/blue light energy in the spectral band 
range of 400-450 nm. 
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[0014] The invention apparatus adaptation for the treat 
ment of in?ammation is based on the research discovery that 
the violet-blue light at the same spectral bandWidth as the 
light applicable for the treatment of acne is also capable of 
reducing pro-in?ammatory cytokines produced by T cells, 
thereby diminishing local in?ammation. 

[0015] It Was further found that by illuminating in?amed 
tissues, including the case of in?amed acne lesions, With 
over 10 mW/cm2 of light Within the bandWidth of 400-450 
nm, the in?ammation is signi?cantly diminished. That 
in?ammation reduction discovery paves the Way to the 
ef?cient, safe and fast therapy of large areas as Well as 
lesional targeted areas of in?amed tissues Without the risks 
of UV irradiation. 

[0016] There is thus provided, in accordance With an 
embodiment of the present invention, apparatus for treat 
ment of a skin disorder. The apparatus includes at least one 
light source With spectral emittance concentrated in at least 
one speci?c narroW spectral band, Wherein one spectral band 
is in the range of 400 to 450 nm, an optical system for 
collecting and shaping light emitted from the at least one 
light source and an electronic unit to control parameters 
associated With the spectral emittance from the at least one 
light source. 

[0017] Furthermore, in accordance With an embodiment of 
the present invention, the parameters include at least one of 
a group including duration, poWer and emitted spectral 
bands of the light source emittance. 

[0018] Furthermore, in accordance With an embodiment of 
the present invention, the apparatus further includes a 
mechanical ?xture for holding the light source at an adjust 
able distance and direction related to a treatment area. 

[0019] Furthermore, in accordance With an embodiment of 
the present invention, the illumination energy of the light 
source ?ux, is higher than a predetermined threshold level. 
The threshold level is a level required for biological destruc 
tion of acne and seborrhea causing factors, Speci?cally this 
treatment energy threshold level enables the destruction of 
the P. acne bacteria population to a much loWer level, so as 
to get a signi?cantly reduced post treatment bacteria popu 
lation siZe. 

[0020] The invention apparatus illumination energy ?ux 
level triggers a photodynamic treatment process that creates 
the condition in Which the acne bacteria destruction rate 
surpasses the natural bacteria population average multipli 
cation and groWth rate, thus ensuring that the balance of the 
bacteria population Will be signi?cantly further reduced 
from one treatment to another, until total bacteria population 
reduction ratio Will provide treatment results Wherein post 
treatment bacteria population Will be at least four (4) orders 
of magnitudes loWer than the pre-treatment bacteria popu 
lation siZe. 

[0021] Furthermore, in accordance With an embodiment of 
the present invention the invention apparatus for the treat 
ment of acne is capable of reducing over 60% of the original 
number of acne lesions in average Within four Weeks, 
Without radiating any UV illumination on the treated skin 
area and Without causing any damage to this skin. 

[0022] Furthermore, in accordance With an embodiment of 
the present invention, the illumination energy threshold 
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level of the illumination light source is at least 40 mW/cm2 
at a distance from the light source of 30 cm. 

[0023] Furthermore, in accordance With an embodiment of 
the present invention, the illuminated area on a patient body 
includes an illumination area large enough to illuminate an 
infected typical siZe skin area from a ?xed position of the 
light source related to the skin area. In accordance With an 
embodiment of the present invention The illuminated area is 
at least 400 cm2. 

[0024] Additionally, in accordance With an embodiment of 
the present invention, the apparatus further includes an 
illumination head having at least tWo converging collimated 
beams from at least tWo directions, each of the beams 
generated by a separate light source positioned at a distance 
from the other at least one light source. 

[0025] Additionally, in accordance With an embodiment of 
the present invention, the apparatus further includes a com 
puter controlled imaging unit for imaging an illuminated 
treated area and for monitoring by counting lesions on the 
treated area, using computeriZed counting techniques. 

[0026] Additionally, in accordance With an embodiment of 
the present invention, the apparatus further includes a com 
puter controlled display unit for displaying the imaged 
illumination treated area, Wherein counting is carried out by 
an operator marking lesions on the display of the illumina 
tion treated imaged surface area. Alternatively, the computer 
lesions counting by image processing techniques to detect 
and count each lesion in the illumination treated imaged 
surface area. The score of the computer lesion counting is 
recorded in a computer memory to enable monitoring the 
lesion healing process through a series of consecutive treat 
ments. 

[0027] Furthermore, in accordance With an embodiment of 
the present invention, the computer controlled imaging unit 
display image includes at least one of a group includes a 
graph of the number of counted lesions versus accumulated 
treatment time and a table consisting of number of counted 
lesions in each treatment session. 

[0028] Furthermore, in accordance With an embodiment of 
the present invention, the apparatus further includes at least 
one optical element of a group includes a liquid ?lled light 
guide, a solid transparent light guide, a ?ber bundle light 
guide and an array of lenses and mirrors for collecting and 
conducting the light source radiation and illuminating the 
skin treated area at an adjustable distance, energy density 
and direction. 

[0029] Furthermore, in accordance With an embodiment of 
the present invention, the light source is a Gallium, Mercury 
and halides gas mixture discharge lamp With peak emission 
in the 405-440 spectral band. Alternatively, the light source 
is an Excimer lamp With peak emission in the spectral range 
of 400-430 nm. 

[0030] Alternatively, the light source is composed of one 
ore more of a group of light sources including a metal halide 
gas discharge lamp, an excimer lamp, an Ion Krypton gas 
laser With a spectral emission in the range 405 to 440 nm, a 
diode and a diode matrix. The diode or diodes are selected 
from the group consisting of violet/blue laser diodes, and 
light emitting diodes (LED) With narroW spectral band 
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emission in the spectral range of 405-440 nm, or 520-570 
nm, or 625-670 nm, or any combination thereof. 

[0031] Furthermore, in accordance With an embodiment of 
the present invention, the light is collected and projected by 
at least one re?ector, Wherein the re?ector is selected from 
the group includes of an elliptical cross-section cylindrical 
re?ector, parabolic cross-section cylindrical re?ector, and an 
asymmetric aspheric re?ector. 

[0032] Alternatively, the light is collected and further 
collimated by a set of tWo orthogonal cylindrical lenses. 

[0033] Furthermore, in accordance With an embodiment of 
the present invention, the light of the at least one light source 
is collected by an elliptical cross-section re?ector having a 
?rst focal point and a second focal point. The light source is 
disposed at the ?rst focal point and has disposed at the 
second focal point a slit shape aperture of a slit to circular 
beam shaping and conducting light guide. 

[0034] Additionally, according to the present invention 
there is also provided a method of treating a skin disorder. 
The method includes providing a light radiation source 
having spectral characteristics of at least one of a group of 
narroW spectral bands consisting of violet/blue (405-440 
nm), red (630-670 nm) and green (520-550 nm) light, 
applying a compound to a skin area, illuminating the skin 
area With the light radiation source, and additionally illumi 
nating the skin area after a predetermined time period. 

[0035] Furthermore, in accordance With an embodiment of 
the present invention, the skin disorder is one of a group 
including acne and seborrhea. 

[0036] Furthermore, in accordance With an embodiment of 
the present invention, the compound is selected from a group 
consisting of a topical oxygen transporting per?uoroocar 
bon, an oxidative agent, a keratolytic agent and a methylene 
blue solution 

[0037] Furthermore, in accordance With an embodiment of 
the present invention, the predetermined time period is at 
least 24 hours. 

[0038] Furthermore, in accordance With an embodiment of 
the present invention, the method further includes a pre 
treating application of the compound, concentrating the light 
on the skin area by an optical system and a mechanical 
?xture, and exposing the skin area at speci?c time intervals. 

[0039] Furthermore, in accordance With an embodiment of 
the present invention, the time interval is 1-5 Weekly expo 
sure to violet/blue light for typically 2-10 Weeks, With a 
minimum 24 hour’s time gap betWeen exposures. 

[0040] Furthermore, in accordance With an embodiment of 
the present invention, the step of illuminating is accom 
plished by projecting on the skin area With an illumination 
poWer in the range of 10 mW/cm2 to 50 mW/cm2 of 
violet/blue light radiation. 

[0041] Furthermore, in accordance With an embodiment of 
the present invention, the compound is hydrogen peroxide in 
the concentration of 1-10% by Weight and the concentration 
of salicylic acid is 1-10% by Weight. 

[0042] Furthermore, in accordance With an embodiment of 
the present invention, pretreating is carried out daily or 
alternatively immediately before light exposure. 
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[0043] Furthermore, in accordance With an embodiment of 
the present invention, the material is selected from the group 
consisting of oxidative and keratolytic compounds is in an 
aqueous gel. Alternatively, the material selected from the 
group consisting of oxidative and keratolytic compounds is 
in oil in Water emulsion. 

[0044] Furthermore, in accordance With an embodiment of 
the present invention, the oxidative and/or keratolytic com 
pound is Within a material selected from the group consist 
ing of a liposome and a positively charged submicron 
emulsion. Alternatively, the oxidative and/or keratolytic 
compounds is in a Propylene glycol 10-50% base or an oil 
in Water emulsion mixed With molecular oxygen that is 
sprayed continuously on the skin before or during light 
exposure. 

[0045] Furthermore, in accordance With an embodiment of 
the present invention, methylene blue 0.1-5 % in distilled 
Water or gel bases is applied to the skin before or during light 
exposure. 

[0046] It provides a Way to increase the photodestruction 
of p. acnes by providing and illuminating the affected area 
With high intensity monochromatic, or multi-spectral dis 
crete emission lines light energy, exactly matching the 
optimal action spectrum of the photosensitiZer created by the 
p. acnes. 

[0047] Methylene blue is a dye used parentally for treat 
ment of methemoglobinemia in neWborns and topically for 
disinfecting of skin. In vitro and in vivo studies have shoWn 
that Methylene blue may be activated by light to induce a 
photodynamic reaction. Methylene blue Was used for the 
inactivation of herpes virus helicoabacter pillory and for the 
experimental therapy of skin bladder and esophageal can 
cers. The method of photodynamic therapy may also be 
enhanced by adding an external photosensitiZing agent such 
as Methylene blue in a concentration of 0.1-5%. 

[0048] The proposed method signi?cantly increases the 
oxygen pressure in the sebaceous glands through the use of 
oxygen transporting compounds based on per?uorocarbons 
and/or oxidative emulsions. The proposed method also 
enhances light and compound penetration into the skin using 
translucent gels and keratolytic agents. The proposed appa 
ratus emits light energy above a biologic bacteria destruction 
threshold. The light source generates a high intensity non 
coherent light in the exact narroW spectral band or bands, 
needed for the activation of the photodynamic reaction While 
?ittering out the harmful UV light. This narroW and speci?c 
Wavelength range radiation enables the administration of 
suf?cient intensity of light to the deeper layers of the dermis 
Without excessive heat formation in the epidermis. The 
required spectral band is emitted by the present invention 
light source for the photodynamic destruction of p. acnes in 
the acne sebaceous glands. 

[0049] In another embodiment of the invention, the appa 
ratus is used for the reduction of in?ammation, Wherein the 
output poWer spectral band is further broadened to the 
400-450 nm spectral range. 

[0050] In yet another embodiment of the invention, appa 
ratus, the light source is capable of treating any skin disorder 
related to in?ammation from the group including; soft tissue 
in?ammation, muscular in?ammation, post traumatic soft 
tissue and muscular pains, arthralgia, skin ulcers such as 
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diabetic ulcers and stasis ulcers, contact dermatitis, atopic 
dermatitis and systemic and localized scleroderma. 

[0051] In yet another embodiment of the invention, appa 
ratus the output radiation spectrum is UV free. 

[0052] In yet another embodiment of the invention, appa 
ratus at least one light source is a Gallium, Mercury and 
halides gas mixture discharge lamp With peak emission in 
the 400-450 spectral band. 

[0053] In yet another embodiment of the invention, appa 
ratus, at least one light source is selected from the group 
including Ion Krypton gas laser With a spectral emission in 
the range 400 to 450 nm, and a diode, Wherein the diode is 
selected from the group consisting of violet/blue laser 
diodes, and light emitting diodes (LED) With narroW spec 
tral band emission in the range 400-450 nm. 

[0054] In another embodiment of the invention, method 
the skin disorder is in?ammation; and (a) the light radiation 
source having spectral characteristics that contain at least 
radiation energy in the narroW band of violet/blue (400-450 
nm); and (b) the light source having energy output ?ux over 
a predetermined threshold level. 

[0055] In yet another embodiment of the invention, 
in?ammation treatment method the output ?ux predeter 
mined threshold level is 10 mW/cm2. 

[0056] In yet another embodiment of the invention, 
in?ammation treatment method the step of illuminating is 
accomplished by projecting on said skin area With an 
illumination poWer in the range of 10 mW/cm2 to 100 
mW/cm2 of violet/blue light radiation. 

[0057] In another embodiment of the invention, method 
the treated area is larger than 2 cm><2 cm. 

[0058] In another embodiment of the invention, method, 
the light radiation source is capable of reducing level of 
extra cellular pro-in?ammatory cytokines. 

[0059] In another embodiment of the invention, method 
cytokines are reduced by an amount of at least 70% of the 
reduction achieved by UVB at the same energy radiation 
conditions. 

[0060] In another embodiment of the invention, method 
the light radiation source is capable of treating skin ulcers. 

[0061] In another embodiment of the invention, method 
the treatment is performed in conjunction With a topical 
formulation compound Which enhances lesional tissue par 
tial oxygen pressure. 

[0062] In yet another embodiment of the invention, 
method the compound is selected from a group including a 
topical oxygen transporting per?uoroocarbon, an oxidative 
agent such as Hydrogen Peroxide formulation, a keratolytic 
agent and a Methylene blue solution. 

[0063] In another embodiment of the invention, the treat 
ment is performed in conjunction With Hyperbaric oxygen 
therapy. 

[0064] In another embodiment of the invention, the treat 
ment is performed in conjunction With mechanical debrid 
ment of tissue i.e. mechanical, chemical, by high pressure 
Water jet or ultrasonic Waves 
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[0065] In yet another embodiment of the invention, treat 
ment requires a predetermined time period of 1-5 Weekly 
exposures to violet/blue light for typically 1-10 Weeks, With 
a minimum 24 hour’s time gap betWeen exposures. 

[0066] In yet another embodiment of the invention, the 
step of illuminating is accomplished by projecting on said 
skin area With an illumination poWer in the range of 10 
mW/cm2 to 100 mW/cm2 of violet/blue light radiation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0067] The invention is herein described, by Way of 
example only, With reference to the accompanying draWings, 
Wherein: 

[0068] FIG. 1 is a schematic front and side vieW illustra 
tions of one embodiment of the photodynamic treatment 
apparatus according to the present invention. 

[0069] FIGS. 2A and 2B are schematic side vieW and 
front vieW illustrations respectively of the illumination head 
unit, the same embodiment of the present invention appa 
ratus Wherein the illumination unit head structure is based on 
a violet/blue light source of a gas discharge lamp; 

[0070] FIGS. 3A and 3B are schematic top and bottom 
vieWs respectively of the light source unit in the apparatus 
of FIG. 1, in an embodiment Wherein the illumination unit 
structure is based on a circular array of LED’s, or laser 
diodes, emitting a narroW spectral band red light illumina 
tion component, the array is integrated on the perimeter of 
a parabolic cross-section re?ector, in the focal point of 
Which is situated a high illumination intensity, narroW spec 
tral band, violet/blue light gas discharge light source; 

[0071] FIG. 4 is a schematic bottom vieW illustration of 
the present invention violet/blue light source, in another 
embodiment, Wherein the illumination unit structure is based 
on a tWo dimensional array of LED’s, or laser diodes, 
emitting a preferred narroW spectral band violet/blue light 
illumination component, the tWo dimensional array can also 
include any spatial distribution combination of violet/blue 
narroW spectral band emitting laser diodes or LED’s, 
together With red light LED’s, or laser diodes emitting in the 
preferred red spectral band; 

[0072] FIG. 5 illustrates a typical spectral distribution of 
the light energy emitted by the present invention dedicated 
violet/blue light source, in the embodiments Wherein the 
light source is a gas discharge lamp; 

[0073] FIG. 6A-6C illustrate another set of an additional 
three preferred embodiments of the illumination head in the 
apparatus according to the present invention, Wherein all 
these embodiments are based on the application of a single 
axis elliptical cross-section cylindrical re?ector, in the ?rst 
focal point of Which is ?tted the illuminating gas discharge 
lamp arc. The image of the gas discharge light source arc is 
created in the second focal point of the elliptical re?ector 
and can be then directly used for object illumination, or 
collected and further conducted by a ?ber optic slit to 
circular beam shaping bundle, or collected and reshaped by 
a dedicated set of tWo orthogonal cylindrical lenses, to 
optimally conduct and collimate the light energy on the 
patient’s treated skin areas; 

[0074] FIG. 7 illustrates the results of the proposed appa 
ratus, operated under laboratory controlled tests on p. acne, 




















